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Introduction

A Traumatic brain injury (TBI) is a complex disorder. Though TBI is a major
cause of death and disability, it is traditionally stratified based on clinical
signs and symptoms, and few targeted treatments exist.

A The Transforming Research and Clinical Knowledge in Traumatic Brain Inju
(TRACHKBI) Pilot multicenter study enrolled 586 acute TBI patients and
collected diverse common data elements (ORIES) across the study

population, including imaging, genetics, and clinical outcomes.
1 The most highhdetailed ever collected data in neuroscience, with enormous
opportunity for datarich phenotyping and TBI precision medicine

A The goals of the project include developing better ways to diagnose and
provide early prognosis of brain injury and to characterize various subtypes
of brain injury that might have different underlying pathophysiology,
prognosis, and optimal treatment.

A We conduct multidimensional exploratory analytics and use similarity data
based approaches to reveal dadaven patterns in patient outcomes, and

identify the key features that characterize these patterns.
1 Provide for diagnostic decision support and precision medicine in neurotrauma
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Components of the TRACKBI Dataset and
Data-Analysis Challenges

A Data captured across 4 broad
domains:

£:78 TRACK-TBI
Transforming Research and Clinical Knowledge
in Traumatic Brain Injury
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A Clinical assessments and demographif .
Missing values

information,
A Blood biomarkers (genetics and Heterogeneity in data |
: - Mixed categorical, ordinal, continuous
proteomics) -
A Multimodality

) - Scalar and various imaging types
A Outcome measures at

3, 6, 12 months Multidimensional targets (outcomes)
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Data Structure

A Primarily working with the #nonth outcome data

A 6-month outcome data breakdown by functional groups
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Data Structure
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Thi.em all r x c

— —
] Missing B Observed

A Data cleaning s
1 Delete rows and 48
columns with most/all
values missing

1 Delete variables with
constant values o

1 Convert all categorical 3
variables to numerical =
variables ot

A Convert factors level into =
ordinal numerical "
variables if level 20
relationship can be 196
understood oo

A Convert factors level to =
binary codes (with 121

increased dimensions) if
level relationship cannot
be understood a
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Original GOSE Categorical Variables

GOSE_Reponder6M GOSE_SimpleCommand6M GOSE_NeedAssistance6M GOSE_NeedFregHelp6M GOSE_AssistanceBaseline6M

& A S | s X 1230 1230
Patient alone :231 No : © No :229 2 |k No : 5
Patient plus relative T i3 Yes:234 Yes: S Yes: 4 Yes: 0

RelativeZ<_/friendI<_/caretaker: @
GOSE_Shop6M GOSE_ShopBaseline6M GOSE_Travel6M GOSE_TravelBaseline6M GOSE_WorkResume6M

s 2 : 19 S 2 s 18 s 2
No : 3 No: O No : 4 No: O No : 60
Yes:230 Yes:216 Yes:229 Yes:217 Yes:173
GOSE_WorkRestriction6M GOSE_WorkBaseline6M GOSE_SocialResume6M GOSE_SocialRestrictiontoM
1180 1175 s | :166
Reduced work capacity : 38 No : 16 No : 70 Participate a bit less: 22
Sheltered workZ<_/unable to work: 17 Yes: 44 Yes:164 Participate much less : 29

Unable to participate : 18
GOSE_SocialBaseline6M GOSE_DisruptRelation6M GOSE_DisruptExtent6M GOSE_DisruptBaseline6M GOSE_OtherIssues6M

1165 : 2 1155 1157 s A
No : 6 No :151 Constant : 19 No : 63 No : 83
Yes: 64 Yes: 82 Frequent : 22 Yes: 15 Yes:151

Occasional: 39
GOSE_OtherIssuesBaseline6M GOSE_EpilepsyoM GOSE_EpilepsyRiskéM  GOSE_OutcomeFactoroM

: 20 . | S | z 4
No :204 No :224 No :197 Both : 81
Yes: 11 Yes: 10 Yes: 37 Extracranial: 10

TBI :143
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Matrix Completion
- to Impute missing values

A Reconstruct a low rank matrix from a subset of its entries

1 The low rank assumption is applicable here due to the redundancy
among variables

A LetM be the original incomplete matrix andbe the
estimated low rank complete matrix

4 . M.. if M;:is known X:: If M::is known
A Deflne (ME)I'J' — { L f ij . (XE)U' — { L f 15 .
0 otherwise 0 otherwise

AThen, mirllMF - xF|2  s.t.rank(X0 K

A Finally,
o (M if M;jis known
Mij = {XU’ otherwise
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Method of Nonnegative MatrixFactorization
(NMF)for Similarity Data
¢ for data clustering

A Similarity matrixS,,

A Probability matrixd "Yp P
A Factorizationd) 'O, where

n  o(bhd) B 0 Q

0 0(@who)
CRRICES
A The objective is to
I'Aé& 09w '0) h ni1iTCcouQ
h
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subjecttort 0 AQ  pH @AM ; v plB Q p8

A The label ok is

a AJQCA®
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Model Selection
- to determine K

A The cross entropy keeps on decreasing with incredsed

A Stability measure

S =E[ min 1 Z 7 (hx,axx) (X)) # ax (Xi')}]

TEOK T

1=

where ax (X ;") is the set of cluster labels for data X;” using
model order K and clustering method o, and hx . (x)(X;)
is the set of predicted labels of data X ;" using X, ax(X)
as the training data. Here, X and X, are from the same
distribution. Oy, is the set of all permutations of {1,... 6 K}.
On average, the smaller S, the more stable the model is.
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TRACKI BI Pilot Outcome Variablest months:

Summary Scores

Global Outcome (GOSE)

Postconcussive/TBl RivermeadPost Concussion
related symptoms SymptomsQuestionnaire (RPQ)

Brief Symptom Inventory tem
Psychiatric and (88418;{* P y

Psychological Status

PTSD Checklistivilian (PCGL)

GOSE_OverallScore
RPQ_Total
BSI18DeprT
BSI18AnxT

BSI18SomT
PCLTotalScore

Generic Quality of LifeSatisfactionVith Life Scale (SWLSWLSTotalScore

Trail Making Test

TMTPartATime
TMTPartBTime

Wechsler Adult Intelligence Scal
(WAISIV) Processing Speed IndéeWAIS_PSI_Composite

(PSI)

Neuropsychological
Impairment

California Verbal Learning Test
Second Edition (C\ALY

CVLTTriallTo5RawScore
CVLTTrialBRawScore
CVLTShortDelayFreeRecall
CVLTLongDelayFreeRecall

CVLTTotalRecognitionDiscrimine

ty
CVLTTotallntrusionsRaw

CVLTTotalRepetitionsRaw

CDE Outcome Domal ____Name of Measure __| Variable Name

Glasgow Outcome Scale Extend

(1=death, 2=vegetative state, 3/4=lower/upper severe,
5/6=lower/ upper moderate, 7/8=lower/upper good recovery)

0- 64 (higher = more injuryelated symptoms)
T scores with population M = 50, SD = 10; higher=more sym
T scores with population M = 50, SD = 10; higher=more sym

T scores with population M = 50, SD = 10; higher=more sym

17-84 (higher = more posttraumatic stress disorder symptom
1-35 (higher=more satisfied with life)

# seconds (higher = slower psychomotor speed)

# seconds (higher = slower speed/mental flexibility/skifting)

Standard score (population M = 100, SD = 15); higher =
better/faster processing speed

Higher = better memory
Higher = better memory
Higher = better memory
Higher = better memory

Higher = better memory

Higher = more intrusion errors (worse performance)
Higher = more repetitive responses (worse performance)
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Analysis of Summary Scores: model selection

A Stability assessment boxplot *| -+ =]
showing the distribution of  */ [ /1 N
10 repeats of stability value ™ I L
on y-axis for each model | T
across different model on-x | T4
axis. CTL
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Analysis of Summary Scores: clustering for K=3

-8 -6 -4 -2 0 2 4 6 8 10 12
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Analysis of Summary Scores: clustering for K=3

A To understand * | B
and characterize-
each cluster of
patients a
binomial logistic °
regression model
Is built based on_
the assigned
cluster labels an¢
the stepwise
featureselection’|
procedureis 2t
conducted to

select the I
contributing
featuresin

distinguishing |
these clusters.
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Red Cluster

Green Cluster

Blue Cluster
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